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1 
My invention relates fo electric apparatus for 
controlling the speed of an electric motor whfle 
limiting the load current of the motor, and more 
particularly fo apparatus of the kind wherein the 
motor field excitation is supplied from an alter- 
nating-current line through speed-responsively 
controlled rectifiers. 
Such apparatus as have heretofore been used 
in practice, have the control or grid circuit of 
electronic rectifiers provided with a speed-re- 
sponsive error voltage to normally control and 
regulate the drive speed in accordance with a 
desired speed value, and also require a connec- 
tion of the saine rectifier control or grid circuit 
with the armattu-e circuit of the motor fo pro- 
vide for automatic limitation of the motor load 
ctirrent during accelerating periods. There are 
applicatioris of such control apparatus, for in- 
stance in sectional paper machine drives, that re- 
quire an exacting degree of control stability. 
This requirement is difficult fo meet unless the 
error-resPonSivWcircuits are isolated from the 
mot0r alunature circuit that supplies the load- 
responsive signalfor the current limiting control 
of the rectifier: The known apparatus capable 
of. sÇcuring the dësired isolation and stability 
are intricate and require a large number of elec- 
tronic circuit components. 
If is,, therefore, an object of my, invention fo 
devise apparaths of the mentioned kind that af- 
f0rd an accurate gnd sensitive speed control as 
well as a current limiting operation of high ac- 
curacy with the aid of considerably simpler 
means and a lesser number of.electronic tubes 
than heretbfore necessary for comparable per- 
formance. 
Another more specific object of my invention 
is to provide a simply designed system in which 
the motor field circuit fo be variably excited for 
speed regulation is comptetely isolated from the 
mot0r series field winding or other resistance 
member of the armature circuit whose voltage 
drop determines the rate of acceleration by lim- 
iting the sPeed in accordance with a preset 
value o maximum current. 
Another object of my invention is to design a 
current-limiting speed-control system- which 
readily permits a selective adjustment of the cur- 
rent limit to a high value for acceleration control 
and a much lower value for controlling, during 
steady-state operation, the tension of the mate- 
rial being fabricated, such as the paper sheet in 
a paper machine. 
In apparatus according to the invention, a 
direct-current motor bas its armaturecircuit en- 
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2 
ergized from a suitable source of direct current 
such as a generator or set of rectifiers. The 
motor has a separately excited field winding for 
control and regulation of the motor speed, and 
5 this field winding is excited from an alternating- 
current line through a controllable single- or 
multi-phase rectifier whose control circuit is 
pressed by comportent control voltages which in- 
clude a periodic voltage synchronous with the 
10 rectifier plate voltage but phase displaced rela- 
tive thereto. As regards the features mentioned 
so far, such an apparatus is similar to those cus- 
tomary and may preferably also contain a com- 
posite source of error voltage which impresses 
15 on the rectifier control circuit a comportent di- 
rect voltage variable in accordance with the de- 
parture of the motor speed from a desired value 
and effective fo regulate the speed fo stay at that 
value. 
20 In contrast fo the known apparatus, however, 
those according fo the invention comprise a 
saturable reactance device whose alternating cur- 
rent windings form part of a phase-shift net- 
work for supplying to the rectifieï control cir- 
25 cuit the above-mentioned periodic comportent 
control voltage; and the saturation control wind- 
ings of the saturable reactance device are con- 
nected across a series resistance of the motor 
armature circuit with the poling needed fo in- 
30 crease thWrectified field excitatiori voltage of the 
motor with an excessive increase in motor arma- 
ture current, By virtue of other features of my 
invention, the saturable reactance device oper- 
ates hot only by shifting the phase of the periodic 
35 comportent grid voltage but also by increasing 
the voltage amplitude thus'producing the de- 
sired current limitation by the joint and coactive 
occurrence of both control effects. How this is 
achieved will be understood from the following 
40 description of the illustrated example which 
bodies the above-mentioned as well as more 
specific features of the invention. 
The drawing represents schema.tically af 0 a 
single section of a paper mill, such as a calender, 
45 which is te cooperate with other machinery sec- 
tions of the mill. The section J0 is driven from 
the armature .il of a direct-current motor M 
which has a series field winding 12 and a sepa- 
rately excited main field winding I. Mounted 
50 on the mooEor shaft is a tachometer generator 
te provide a signal voltage indicative of the mo- 
to.r speed. The armature circuit of the motor is 
energized from terminats 14 and |5, through a 
motor starting device I$ of any suitable design, 
55 from a direct-current generator or other source 
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oî adjustable voltage. The motor staring device 
|$ may include a. contact Il, which is open dur- 
in0 starting and accelerating periods of the mo- 
for M, but is closed manually or automaticaliY 
when the motor M has reached the normal oper  5 
ating speed. 
The main field winding 3 of motor M receives 
controlied excitation from an alternating-curren 
line |8 through power transformers |9 and three 
controllable rectifier tubes 2|, 22, 23 of the gas- 10 
eous or va.pot type. The rectifier tubes ha.ve a 
common cathode lead 24 connected with one ter- 
minal or the motor field winding |3 while a lead 
23 connects the other terminal of fie]d winding 
|3 with the secondary transformer windings. 15 
The magnitude or the rectified current applied 
through tubes 2|, 22, 23 to the motor field wind 
ing |3 depends upon the voltage conditions in 
the rectifier control or grid circuits. These grid 
circuits have respective leads 25, 27 and 28 con« 
nected to a phase shift network 30 which provides 
the grid circuits with an alternating component 
grid voltage. -The network 30 is equipped with 
calibrating resistors 3  and 32 that permit adjust- 
ing the phase difference of the alternating grid 25 
voltage components for respective tubes 2| and 
22 relative to the alternating component grid 
voltage for tube 23. During the operation of the 
system, the adjustment or resistors 3| and 32 is 
fixed, and the a.lternating component grid volt- 30 
age for the three tubes have a mutual phase dif- 
ference of 120 °. The phase shift network 
energized through a transformer 3 which is cou« 
pled by another phase shiït network 34 with a 
transformer 33 whose primary is connected to 
the alternating current line  8. PhaSe shift net 
work 3 and transformer 33 permit imposing on 
all three tubes alternating component grid volt- 
ages for tubes 2|, 22 and 23 an .additional and 
variable phase shift as well as an amplitude vari- 40 
ation. This variable phase shift and amplitude 
variation are controlled by two reactance wind- 
ings 37 and 38 of a saturable reactor or magnetic 
amplifier 1%. "vVinding 37 is sertes connected with 
the primary of transformer 33. "vVinding 
forms part of the phase shift network 34. The 
reactor 1% is shown tobe of the three-legged type, 
although itis known that reactors or reactor de- 
vices of various other known designs may 
be used instead. The degree of saturation of the 50 
cote of reactor 1% .and hence the effective react- 
ance of windings 37 and 39 is controlled by direct- 
current coils 39 and 40, which in the illustrated 
reactor design, are disposed on the center leg, 
V¢inding 3 is connected .across the sertes field 55 
winding 2 of motor M fo receive direct-current 
excitation proportional to the motor load cur- 
rent. It may be mentioned that, if desired, a 
separate resistance member may be series con 
nected in the .armature circuit of motor iVi with 00 
reactor control cofl 3 connected across that re 
sistor. For some applications, it may .also be 
sirable to insert an amplifying device between 
the sertes field or other sertes resistance member 
of the motor armature circuit and the reactor 
control cofl 3. Cofl 0 receives direct-current 
excitation through resistors 4, 42 and an 
justable -heostat 43 from terminals 4 .and 
which are to be connected to a suitable source 
of constant dfl-ect-current voltage. The coils 3 70 
and 0, or their respective circuits are poled so 
that the two reactor control windings oppose 
each other. Thus, the effective reactance of 
windings 37 and 39 is dependent upon the differ- 
ential value of the wo control coil voltages. 75 

The above-mentioned tachometer generator G 
is sertes connected with a source of adjustable 
reference voltage which is taken from .across a 
selectively adjustable portion of a potentiometer 
rheostat 49 whose resistor is connected across a 
suitable source of constant direct-current volt- 
age schematically represented af 46. If desired, 
this voltage source may be identical with that 
used for energizing the terminals 44, 43 and may 
consist of a constant-voltage exciter generator 
or of a rectifier circuit which takes its power 
ïrora the alternating-current line |8. The dif- 
ference between the achometer voltage and the 
speed control voltage adjusted at rheostat 
app]ied to the input termina]s of an amplifier 47. 
One output terminal of amplifier 47 is connected 
with the common cathode lead 24 of the recti- 
fier tubes 2, 22, 23. The other output termi- 
nal of amplifier 47 is connected by a lead 48 to 
the ,phase shift network 30. The amplifier 7 is 
preferably of any of the well known amplitude- 
limiting types so that its output voltage stays 
within a limited range of, say, ___30 volts, amply 
sufficient to swing the rectifier tubes from all- 
out to all-in but small enough to prevent the 
amplifier from effecting undesired phase shifts. 
The control or grid circuits for the rectifier 
tubes 2 |, 22, 23 can be traced frora the respective 
control grids through respective leads 25, 
to the phase shift network 30, thence through 
lead 48 to the amplifier 7 and from the amplifier 
to the cathode lead 24. If will be recognized 
that each of the three grid circuits includes two 
sources of grid voltages. One source is repre- 
sented by the phase shift network 3 whlch, as 
mentioned, provides the grid circuit with an al- 
ternatini component voltage. This voltage bas 
normally a fixed phase displacement, preferably 
of 90 °, relative to the anode voltage of the ap- 
pertaining tube. ttowever, as explained, an 
ditional phase shift and an amplitude variation 
may be imposed upon the alternating grid volt- 
age component by the functioning of the satura- 
ble reactor 1%. The second source of comportent' 
grid voltage in each of the rectifier grid circuit 
is represented by the amplifier 7 and provides a 
direct-current voltage whose magnitude and 
polarity depend upon the difference between the 
speed measuring tachometer voltage and the 
lectively adJusted reference voltage frora across 
the active portion of rheostat 
For explaining the performance of the control 
system, it appears convenient to first consider the 
conditions that exist when the motor M and the 
driven machinery section are in normal opera- 
tion. Let it further first be assumed that under 
these conditions, the reactor windings 37 and 
do not change their reactance so that the alter- 
nating-current components impressed on the rec- 
tifier grid circuits by the phase shif network 
have a constant amplitude and a fixed phase, 
position relative to the respective rectifier anode 
voltages. Then, the firing conditions of the 
rectifier tubes 2 |, 22, 23 depend entirely upon the 
direct component grid voltage supplied from the 
amplifier 47. As long as the machinery section 
is running .t the correct speed according fo the 
setting of control rheostat 9, the grid voltage 
conditions and the firing points of the rectifiers 
remain unchanied. V¢hen the section speed de-' 
parts from the desired value, the correspondini 
positive or negative change in the differential 
input voltage of the amplifier 7 causes a corre- 
sponding change of the grid voltage comportent. 
impressed by the amplifier 4 on the rectifier grld 
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circuits. As a result, the system operates in the 
conventional manner to regulate the section drive 
motor M for a selected constant driving speed. 
Let us now look af the conditions that ex[st 
when the motor M accelerates, for instance when 
the voltage applied fo the terminals | and |§ ls 
increased ïrom zero fo the normal operating 
value in order to start and accelerate the motor 
M fo full speed belote the machinery section is 
joined with other machinery sections that may 
already be operating af the normal speed. Dur- 
OEng such starting periods he motor speed is at 
first far below the normal speed value for whlch 
the above-described speed regulating devices are 
set. Therefore, the amplifier 47 at first supplies 
to the rectifier grid circuits a negative voltage 
component which tends to reduce the firing angle 
of the rectifiers 2 , 22, 23, or may even make them 
virtually non-conductive. This tendency would 
weaken the motor field winding J3 so that the 
motor would speed up with an accompanying 
steep and high fise in motor current. As a 
sult the electrical and mechanical devices may be 
subjected to overloads and the electric overload 
protective devices may operate fo stop the motor, 
thus making a satisfactory starting infeasible or 
diflïcult. 
In the system according to the invention, th 
just-mentioned tendency of the speed regulating 
devices to interfere with proper starting and 
accelerating of the motor are ruade impossible 
by the current responsive operation of the satura- 
ble reactor 1 and the associated phase shiït de- 
vices 34 and 36. This oPeration is as follows: 
During" starting or accelerating periods, the 
increasing current in the motor armature circuit 
imposes a corresponding increase in voltage on 
the control coil 39 oï the reactor 1. The mag- 
netizing effect of this coil then reduces the con- 
stant magnetizing bias from coil 46 so that the 
reactor cote becomes correspondingly less satu- 
rated and the effective reactance of windings 
37 and 38 correspondingly increased. As a re- 
sult, the devices 34 and 36 impose on the alter- 
nating-current voltage component for rectifier 
tubes 2 , 22, 23 a phase shift up to about 90 ° to- 
ward an increased firing angle of the rectifier 
tubes and at the saine rime increase the ampli- 
tude of the alternating grid voltage component 
a]so with the result of increasing the tube firing 
angle. Thus the increased load currents fiowing 
through the motor armature circuit during start- 
ing and acce!erating periods bave the effect of 
overpowering the undesired field weakening 
fect of the speed reguiating devices and impart- 
ing to the motor field winding 3 a high or full 
magntude of excitation. In this manner the 
load currents in the motor armature circuit are 
limited, and the starting of the motor is con- 
trolled to occur with a desired degree of smooth- 
ness. 
leverting to the normal operation of the sys- 
rem under conditions when the motor speed is 
at or near the desired value, it will be recognized 
that the saturable reactor l and the associated 
phase shift and the amplitude control circuit re- 
main effective to provide for a carrent limitation 
of a degree depending upon the bias voltage ap- 
plied to winding 40. By changlng this voltage 
from a hih value for acceleration to a low value 
for normal operation, the current control can be 
given such a functioning that itis effective during 
normal operation to control or limit the tension 
imposed on the paper or material f«bricated by 
the driven machinery section. The rheostat 43 

6 
in the circuit or coil 0 is provided to permit such 
a selective setting so that the tension tobe main- 
tained can be chosen by adjusting the rheostat 
accordingly. The shifting from high to low 
6 excitation of coil 40 may also occur automatically, 
for instance, by means of the switch contact |7 
which is shown tobe connected across the resistor 
4] in the circuit of coil 0. 
Aside from providing a relatively simple system 
l0 for achieving current limitation during accelera- 
tion as well as speed regulation and tension con- 
trol, a system according to the invention secures 
a complete isolation between the motor control 
field winding 3 which effects speed control and 
1 regulation, and the motor series field ]2 or the 
motor armature circuit whose current determines 
the rate of acceleration as well as the desired 
limit of tension. By thus avoiding leakage and 
stray phenomena between these two circuits, the 
2{} system also affords a high degree of stability. 
The system is further distinguished by having no 
movable Parts that change their position during 
the regulating performance, and all elements are 
sufficiently simple and static to avoid the danger 
25 of undesirable changes in calibration. 
I claire as my invention: 
1. Speed-regulating drive control apparatus, 
comprising, an electric motor including a direct- 
current armature circuit and a speedcontrolling 
30 field circuit, alternating current supply means, a 
controllable rectifier connected between said sup- 
ply means and said field circuit ïor applying 
rectified excitation fo said field circuit and hav- 
ing a control circuit whose amplitude and phase 
3 position may be changed with reference to the 
alternating current voltage supplied to the recti 
fier for varying said excitation, circuit means 
connecting said control circuit with said supply 
means fo provide said control circuit with peri- 
40 odic control voltage and comprising amplitude 
control means and phase shift control means,  
resistance member series-connected in said arma- 
ture circuit to provide a variable voltage de- 
pendent upon the current in said armature cir- 
4 cuit, an inductive coupling device connected with 
said amplitude control means and with said 
phase shiït control means and having a control 
circuit ïor possibly controlling said two control 
means, said latter control circuit being connected 
50 across said resistance member and poled for caus- 
ing said excitation to increase with increasing 
values of said current. 
% Speed-regulating drive control apparatus, 
comprising, an electric motor including a direct- 
55 current armature circuit and a speed-controlling 
field circuit, alternating current supply means, a 
controllable rectifier connected between said sup- 
ply means and said field circuit ïor applying 
rectified excitation to said field circuit and having 
60 a control circuit ïor varying said excitation, a 
transïormer having a primary circuit connected 
to said supply means and having a secondary 
phase shiït circuit connected with said control 
circuit to provide the latter with alternating con- 
65 trol voltage, a saturable reactance device having 
two alternating-current windings connected in 
said primary circuit and in said phase shift cir- 
cuit respectively to control amplitude and phase 
respectively oï said alternating control voltage in 
70 dependence upon the degree oï saturation oï said 
device, said device having saturation control 
windings connected with said armature circuit so 
as tobe responsive to the current in said arma- 
ture circuit and being poled ïor increasing said 
5 field excitation with increase oï said current. 
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3. Speed-regulating drive control apparatus, 
comprising, an e!ectric motor including a direct- 
current armaçure circuit and a speed-controlling 
field circuiç, alternaçing current supply means, 
a controllable rectifier connected between said 
supply means and said field circuit for applying 
rectified excitation to said field circuit and hav- 
ing a control circuit for varying said excitation, 
a speed-responsive source of variable error volt- 
age connected with said control circuit for reg- 
ulating said rectifier in accordance with a de- 
sired speed, a transformer having a primary cir- 
cuit connecçed ço said supply means and havir 
a secondary phase shift in circuit connected with 
said control circuit to provide the latter with 
alçernating conçrol voltage, a saturable reactance 
device having two saturation-resPonsive imped- 
ance windings and a saturation control winding, 
said impedance windings being connected in said 
primary circuit and in said phase shift circuit 
respectively to control amplitude and phase re- 
spectively of said alternating control voltage, 
and a resistance member series-connected in said 
armature circuit to provide a variable voltage 
dependent upon the current in said armature, 
said saturation control winding being connected 
across said resistance member and poled to cause 
increase of said excitation witl] increase of said 
current. 
4. In apparatus according to claim 3, said 
saturable reactance device having a second satu- 
ration control winding opposingly related to said 
first-mentioned saturation control winding, and 
adjustable constant-voltage supply means con- 
nected with said second control winding. 
5. Speed-regulating drive control apparatus, 
comprising, an eiectric motor including a direct- 
current armature circuit and a speed-controlling 
field circuit, alternating current supply means, a 
controllable rectifier connected between said 
supply means and said field circuit for applying 
rectified excitation to said field circuit and hav- 
ing a control circuit for varying said excitation, 
a first transformer having a primary circuit 
connected to said supply means and having a 
second phase shift circuit, a second transformer 
primarily connected to said phase circuit and 
having a secondary phase shift circuit connected 
with said control circuit to provide the latter with 
alternating control voltage, a saturable reactance 
device having two saturation-responsive imped- 
ance windings and two mutually opposing satu- 

8 
ration control windings, said impedance wind- 
ings being connected respectively in said prlmary 
circuit and in said secondary circuit of said flrst 
transformer to control the amplitude and phase 
of sa.id alternating control voltage, a resistance 
 member series-connected in said armature cir- 
cuit to provide a variable voltage dependent upon 
the current in said armature, one of said satu- 
ration control windings being connected across 
said resistance member, and adjustable constant- 
] voltage supply means connected with said other 
saturation control winding. 
6. In combination, a direct-current motor hav- 
ing an armature circuit and a separately excited 
- field circuit, said armature circuit having a series 
] 5 resistance member to provide across, said mem- 
ber a voltage drop proportional to the lead cur- 
rent, alternating-current supply means, rectifier 
means connecting said field circuit with said 
supply means to provide said field circuit with 
°0 rectified excitation and having a control circuit 
for varying said excitation, a speed-responsive 
source of variable error voltage connected with 
said control circuit for controlling said rectifier 
means in accordance with a desired motor speed, 
5 a transformer having a primary circuit connected 
to said supply means and having a secondary 
phase shift circuit connected with said control 
circuit to provide the latter with alternating 
control voltage, a saturable reactance device 
30 having two saturation-resPonsive impedance 
windfl]gs and a saturation control winding, said 
impedance windings being connected in said pri- 
mary circuit and in said phase shift circuit re- 
spectively to control amplitude and phase respec- 
 tively of said alternating control voltage, and 
said satm'ation control winding being connected 
across said resistance member to be controlled 
in dependence upon said current. 
JOSEPH F. KOVALSKY. 
O 
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